Introduction
Male aggregations of thrips (Thysanoptera, Thripidae) on flowers have been reported for several species, e.g., Thrips fuscipennis (Haliday) and T. major (Uzel) (Kirk, 1985) , Frankliniella occidentalis (Pergande) (Terry & Gardner, 1990; Matteson & Terry, 1992; Terry & Dyreson, 1996) , and F. schultzei (Trybom) (Milne et al., 2002) . Terry (1997) suggested that the primary purpose of these aggregations is the location of mates, as most action in these aggregations appears to be mating. Mating of females entering such male aggregations has indeed been observed for all the above mentioned species. For F. occidentalis , it was observed that almost all females entering male aggregations mated (Terry, 1997) . For F. schultzei , percentages of females entering the aggregation that mated ranged from 18% to 30% depending on the plant species (Milne et al., 2002) . In the same study a strong correlation was found between the number of males present and the number of females landing in such aggregations. Moreover, it was shown that F. schultzei females, but not males, were attracted to sticky traps baited with live conspecific males, strongly suggesting the existence of a male released sex pheromone. Apparently, this supposed pheromone does not function as a male aggregation pheromone since males were not attracted to the traps.
To our knowledge no chemical compounds have yet been identified which are involved in thrips mate finding. For several species from the family Phlaeothripidae, defence compounds from anal secretions have been identified (Suzuki et al., 2000) some of which possibly serve as an alarm-aggregation pheromone (Haga et al., 1989) . Other thrips semiochemicals identified so far mainly function as repellent, irritant, feeding deterrent, arrestant, or alarm pheromone (Terry, 1997) . For F. occidentalis only an alarm pheromone consisting of decyl acetate and dodecyl acetate has been identified (Teerling et al., 1993) .
The aim of the present study was to assess conspecific attraction in F. occidentalis in order to find evidence for the existence of sex or aggregation pheromones. By using an olfactometer set-up (Koschier et al., 2000) the responses of individual thrips to odours released by male and female thrips were recorded.
Materials and methods

Rearing of western flower thrips
A culture of F. occidentalis was maintained on potted, flowering chrysanthemums Dendranthema grandiflora 'Sunny Regan' in a greenhouse at 25 ° C. Female or male thrips of unknown age were collected with an aspirator from the greenhouse rearing. Males and females were quickly anaesthetised with CO 2 and confined separately in perspex ringcages (Murai, 1990) at 20 ° C. Thrips were provided with water, but not with food, for 1 day before they were used in the experiments.
Olfactometer experiments
The attraction of females and males to conspecifics was assessed with a Y-shaped glass tube olfactometer (set-up and bioassay procedure was described in detail by Koschier et al., 2000) . In this set-up, individual thrips were offered a choice between clean air in one arm and odour-loaded air in the other arm of the Y-tube. Fixed numbers of male or female thrips were used as an odour source in vials connected to the Y-tube arms. A fine mesh (80 m) was used to prevent thrips from escaping from the vials. The lengths of the arms and base of the Y-tube was 5 cm, with an inner diameter of 0.5 cm. In order to establish an airflow through Correspondence: Willem Jan de Kogel, Plant Research International BV, PO Box 16, 6700 AA Wageningen, The Netherlands. E-mail: willemjan.dekogel@wur.nl the Y, air was sucked of at the base of the Y by means of a membrane pump, producing an airflow of 5 cm s − 1 and 10 cm s − 1 in the Y tubes and the base tube, respectively. The time that a thrips, released at the base of the Y, spent in the tube before making a choice was less than 3 min. After testing five insects, the entire set-up was rotated 180 ° to avoid position effects. After each experiment, all parts of the setup were cleaned with acetone. Data were analyzed based on the null hypothesis that the probability of scores for the test compound or the control was 50% (Sachs, 1997) .
Results and discussion
When female thrips were offered a choice between clean air and air that had passed through a vial containing 20 females or 20 males, a significant attraction (68%) towards males and no attraction towards females was recorded (Figure 1) . Males, however, were not attracted to females or to males (Figure 1 ). The attraction of females and not males to males indicates the presence of a male produced sex pheromone that does not function as a male aggregation pheromone, at least not at the density of males tested. This is consistent with experiments performed by Milne et al. (2002) with F. schulzei . They observed an attraction of females to traps baited with live males, but no attraction of males to these traps.
Apparently, males use other cues to form aggregations. These cues may be related to certain flower characteristics such as colour, odour, shape, size, contrast, or exposure. Several reports have shown that male flower thrips move to flowers in the morning to aggregate, and leave the flowers in the afternoon (Kirk, 1985; Mateus et al., 1996; Kiers et al., 2000) . Aggregations were also recorded on coloured and white surfaces similar to flowers, indicating that colour is an important cue for males (Terry & Gardner, 1990; Matteson & Terry, 1992) .
The response of females to males appears to be doserelated (Figure 2) . The highest response (71%) was observed at the highest density of males (80). This response was comparable to female responses to some attractive plant odours (Koschier et al., 2000) . It is possible that higher male densities would elicit stronger responses than 71%, but it may be that a number of females are simply not attracted to males, no matter how high the density. Terry & Schneider (1993) found that F. occidentalis females rejected males for a period of several days after mating. It is possible that the response of females that had recently mated was different from females that had not mated over a longer period. In our study, females and males were collected from a greenhouse mass rearing and separated for 1 day prior to the experiments. It is likely that a proportion of the collected females had recently mated and were therefore not or less attracted to male aggregations. To test this, males and females should be separated for longer periods before the experiments, or virgin insects should be used.
The composition of the supposed sex pheromone of F. occidentalis is not yet known nor where it is produced and secreted. Many thrips species have glandular areas on abdominal sternites (Moritz, 1997) , including F. occidentalis (G. Moritz, pers. comm.) . These sternal glands could be involved in pheromone secretion. Whether such a pheromone acts at long or short distance has yet to be determined, as well as its potential for use in thrips monitoring and crop protection.
